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INTRODUCTION 
Several glycoenzymes are used in the industrial production 
of various useful substances as well as in the analysis of several 
important compounds. However soluble nature of enzymes, their high 
cost and limited stability limit their large scale utilization. In order to 
overcome these problems immobilization of the glycoenzymes has 
been suggested. 
The enzyme immobilization technology is very mature and 
procedures are available for the immobilization of almost every kind 
of enzyme (Nilsson and Mosbach, 1981; Bulow and Mosbach, 1982; 
Winter et_ aJ_., 1982; Ulmer, 1983). Among the four principle enzyme 
immobilization strategies known, covalent coupling to the solid support is 
most widely used (Zaborsky, 1973). Immobilization of glycoenzyme by 
covalent coupling to solid support is however difficult due to the 
shielding of amino acid side chains by giycosyl residues (Liberatore 
et £ | . , 1978; Pollock et aJ., 1978). 
As an alternative, immobilization approaches in which 
carbohydrate chains form the point of at tachment between the enzyme 
and matrix have been suggested (Woodward and Wiseman, 1978; Iqbal 
and Saleemuddin, 1983). Several available evidences indicate that the 
giycosyl residues of these enzymes do not participate in catalytic 
functions (Pazur ^ ^ . , 1970; Chu £^ _al_., 1978; Shenoy et al., 1985). 
Several enzymes including carboxypeptidase could be in-imobilized 
in high yield through their giycosyl residues (Hsiao and Royer, 1979; 
Turkova £ t ad., 1986). ' The preparation also exhibited high stability 
against denaturation (Woodward and Wiseman, 1978). 
Glucose oxidase, invertase, amyloglucosidase and cellulases could 
also be stabilized significantly over the native forms by immobilization 
on Con A matrix (Saleemuddin and Husain, 1991). Con A-invertase 
complexes exhibited very high degree of stability specially on 
cross-linking and it was possible to successfully operate a column 
reactor in which crosslinked Con A-inver tase complex was entrapped in 
calcium alginate beads (Husain £ t a\_., 1985). Strategies in which pure 
Con A could be replaced by the crude lectins preparation have also been 
described (Husain and Saleemuddin, 1986, 1989). 
However not all glycoenzymes bind strongly with Con A and other 
lectins are far more limited in their availability. Consequently very 
little work has been done on the stabilizing characteristic of lectins 
other than Con A. One immobilization approach that has not been 
investigated extensively yet shows considerable potential involves the use 
of specific antibodies as affinity supports. Some reports are available 
on the formation of insoluble antibody - enzyme complexes that retain 
enzyme activity. Burnett and Schmidt (1921) demonstrated for the first 
time that insoluble complex of catalase and anticatala'se from rabbit 
serum retained 100% of the original activity. These results were 
subsequently substantiated by others (Tria, 1939; Campbell and Fourt, 
1939; Michael! et a\_., 1969; Okada et a\_., 1963; Suzuki et aA., 1969; 
Zyk and Citri, 1968). 
Feinstein et ai., (19/1) have demonstrated that mutant 
catalase is stabilized by complex formation with antibody to normal 
catalase. The insoluble catalase - anticatalase complex retained full 
catalytic activity. The preparation was stable against thermal 
denaturation and alkaline pH. Michaeli et af., (1969) have demonstrated 
the preparation of active acetylcholinesterase - antiacetylcholinesterase 
and the preparation was stable against thermal denaturation. Antibodies 
to bovine erythrocyte acetylcholinesterase were obtained from the 
rabbits following the immunization with the enzyme. The combination 
of the enzyme with the antibodies did not affect the enzymatic activity 
nor the km value or substrate specificity. The antibodies to bovine 
erythrocyte acetylcholinesterase were obtained from the rabbits 
following the immunization with the enzyme. Michaeli et aJ (1969) 
found that acetylcholinesterase lost its activity upon heating at 
60° for a period as short as five minutes, while the enzyme in complex 
with the antibody exhibited remarkable stability at this temperature for 
a period tested at upto 90 minutes. This phenomenon was 
demonstrated to be specific for the system of acetylcholinesterase -
anticholinesterase. No stabilization was conferred by the presence 
of either unrelated globulins or unrelated immune complexes. 
Sato and Walton (1983) have studied the use of polyclonal 
antibodies in the stabiiizaion of enzymes. A sinnple _in^  vitro 
modification that allows the intraperitoneal administration of large dose 
of gulonolactone oxidase to guinea pig was described. The enzyme 
was precipited by guinea pig antisera and reacted with glutaraldehyde. 
Administration of the enzyme preparation enabled guinea pigs to 
synthesize ascorbic acid. 
Solomon et al (1986) have investigated the use of monoclonal 
antibodies in the immobilization of enzymes. These workers have 
isolated carboxypeptidase A clone specific stabilizing antibodies and 
immobilized on Eupergit or Sepharose protein A. The conjugate of 
antibodies with support . were then used for the immobilization of 
carboxypeptidase A. 
An interesting approach of using bifunctional antibodies in the 
immobilization of enzymes of specific surfaces has been suggested 
by Nolan and Kennedy (1990). Using this approach one half of the 
bifunctional antibody can be raised against specific epitope so that the 
binding does not cause the enzyme inhibition, the other half may be 
designed to specifically bind to the immobilizing matrices and 
thus show high degree of enzyme density at the desired site. 
INVERTASE - ^-fructofuranosidase fructohydrolase, commonly referred to 
as Invertase was discovered in Baker's yeast. Invertase is a 
glycoprotein having a molecular weight of 270,000. It is a 
phosphomannan protein containing over 50% (w/w) carbohydrate (Trimble 
and Maley, 1977). The carbohydrate moeity is not essential for 
catalytic activity (Snnith and Ballou, 197^ )^ and can be removed from the 
protein with little or no effect on its thermal stability (Woodward, 
1977). 
Invertase is used in the industrial production of glucose-fructose 
syrups from sucrose. Since fructose is far more sweeter than sucrose 
and glucose, this reaction is of considerable economic significance 
especially for the beverage industries. Due to limitations of the use of 
the soluble enzyme in industry the advantages offered by immobilized 
enzyme technology have been explored by several workers. 
Large number of workers have immobilized invertase by various 
methods. For instance, invertase immobilized on Con A-agarose 
was more stable than that bound on DEAE or CM Sephadex (Woodward 
and Wiseman, 1978). Immobilized Baker's yeast invertase on 
DEAE-Cellulose showed high storage stability (Usami et al., 1971). 
Invertase immobilized on bentonite exhibited enhanced thermal stability 
(Monson and Durand, 1971). Invertase was incorporated into 
polyamide microcapsules and used for the hydrolysis of the accumulated 
sucrose in the lumen that prompts intense diarrhoea, amplified 
further by microbial fermentation (Levy et_ aL, 1980; Rambourg et^  ^ . , 
1982). Leela and Prabhakara (1982) obtained a better recovery of 
immobilized invertase with molecular sieve ^A using the metal unit 
method. Other supports used for the immobilization of invertase 
include Sepharose and modif ied hydroptiobic cellulose derivatives (Choi 
et a l . , 1982). Saccharomyces cerevisae cells were also immobil ized by 
adsorption or covalent coupling on aminopolystyrene using glutaraldehyde 
and carbodiimide (Paulyukonis jet^ aj_., 1980). K r i l l Ch i t in , a novel 
support, isolated by demineral izat ion and deprotenization of the shells of 
edible shelfish, has been used as a support for immobi l iz ing the several 
enzymes including invertase (Synowiecki et a l . , 1981). Linko et aJ^  
(1980) entrapped invertase act ive yeast cells wi th in calcium alginate gel 
beads and used them for sucrose hydrolysis. Hen egg white was also 
used as support for the immobi l izat ion and invertase immobil ized on 
this support could be repeatedly used for sucrose hydrolysis in batch 
process (D'souza and Nadkarni, 1980). The entrapment of Aspergillus 
oryzae spores containing act ive invertase in ECTEOLA - cellulose for 
sucrose hydrolysis in a column reactor was reported by Johnson and 
Ciegler (1969). Toda and Shoda (1975) employed Saccharomyces 
pastollanus cells containing invertase entrapped in agar pellets for 
inversion of sucrose in f luidized bed reactor. Saccharomyces cerevisae 
invertase entrapped in poiymethyl acrylate had a similar km as in free 
cells indicating a very l i t t l e diffusion resistance in the gel 
(Contarella e^ a^., 1983). 
Calcium alginate entrapped invertase also showed no signif icant 
decrease in sucrose hydrolysis for over 6 days (Uhm et_ al_., 198^). 
Yamazaki et a_l (198^^) reported that the column containing invertase 
bound to cloth segment showed good f low property and ef f ic ient sucrose 
hydrolysis over a period of three months. Invertase immobil ized in 
polyacryiamide gels produced invert sugar continuously with a half 
life of H f^ h (Garncarek et aj . , 198^). The stability of invertase 
immobilized on corn stover was found to be very high with half life of 
about 365 days during continuous operation at W° (Monson et al_., 
198^). Dogu et_ aj_ (1985) showed the axial mixing characteristics and 
performance of a liquid fluidized bed reactor for sucrose inversion, 
which was catalyzed by invertase immobilized in polyacrylamide gel. A 
rr.'ini reactor packed with yeast invertase immobilized on 
Con A-Sepharose was operated in this laboratory with no measureable 
decline in catalytic efficiency for over two months (Iqbal and 
Saleemuddin, 1983). 
Production of glucose -fructose syrup was achieved when the 
whole cells of Saccharomyces cerevisae were immobilized in 
polyacrylamide gels. The activity of entrapped invertase was stable and 
could be repeatedly used in batch system (Aykut £t_ £l_., 1985). 
Objectives of the present work - Glycoenzymes are recalcitrant to 
immobilization procedures involving covalent coupling of the amino acids 
side chain groups to solid supports. As an alternative, procedures 
involving coupling the enzyme via glycosyl residues have been suggested. 
Procedures involving activation of the glycosyl residues generally 
result in enzyme inactivation to varying extents. Immobilization of 
glycoenzymes on Con A supports has been shown to yield highly active 
and stable preparations. Not all glycoenzymes bind strongly with Con A 
and other lectins are not readily available or are more expensive. A 
procedure involving the use of specific polyclonal antibodies preferably 
directed against the glycosyl residues of the enzyme has therefore been 
investigated. Such antibodies are not expected to nnarkedly decrease 
the enzyme activity in view of the non-involvement of the 
carbohydrate moieties in catalytic activity of most enzymes. 
Significant amounts of such antibodies can be obtained from 
experimental animals. In addition such supports should also prove 
useful in purification the enzyme from crude preparations. 
MATERIALS 
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Coomassie brilliant blue 
Concanavalin A 
Cyanogen bromide 
Dinitrosalicylic acid 
Folin's reagent 
Glucose 
Invertase (Baker's yeast) 
Phenol 
Sepharose-'fB 
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Sodium carbonate 
Sodium dodeocyl sulphate 
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Sodium Azide 
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Sigma Chem. Co., USA. 
Sigma Chem. Co., USA. 
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Loba Chem. Co., India. 
Central Drug house, India. 
Qualigens fine Chem., India. 
Boehringer Mannheim, W. Germany. 
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Sigma Chem. Co., USA. 
E. Merck, India. 
BDH, India, 
Sigma Chem. Co., USA. 
Sisco Res. Lab., India. 
Trucizina, Poland. 
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METHODS 
A. IMMUNOLOGICAL STUDIES 
Preparation of Antigen - The antigen was prepared by the aJum 
precipitation method. One volume of 1 mg/ml invertase solution was 
added to 3 volumes of 1% potassium aluminium sulfate (alum). Few 
drops of 0.2 M sodium carbonate was added till an opalscent colour was 
observed. 
Immunization - Albino rabbits weighing 3 to 5 kg were used. Prior to 
immunization the rabbits were bled for obtaining serum that served as 
control in the studies. Rabbits were immunized intramuscularly, with 
0.25 mg of antigen (invertase) per injection on alternate days with a 
total of 1.25 mg antigen. A Booster dose of 0.50 mg invertase per 
rabbit was given after resting the animals for one week. The animals 
were bled through the ear vein one week after the booster dose. 
Nearly 5 ml of blood was collected from each rabbit, 
clot formation was allowed to take place for 6 h at room 
temperature. Serum was collected by centrifugation at 2000 rpm 
for 5 min. The serum was decomplemented at 56° for 30 min. 
Pooled decomplemented sera were mixed with sodium azide (0.2%) and 
kept in small aliquots at -20°. 
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Ouchterlony Double Diffusion - Antigen-antibody reaction were carried 
out using double diffusion method (Ouchterlony 19't9). Glass plates were 
initially precoated with 0.3% agarose solution and allowed to dry. The 
plates were then again coated with l^.5 ml of 1% agar solution and 
when the gel solidified wells were punched. O ne central well and four 
peripheral wells equidistant from each other were punched. Antiserum 
was added to the central well and 10-60 ul of antigen was added in 
the peripheral wells. The ratio of Ag and Ab is that corresponding to 
the equivalence zone ratio in quantitative precipitation titration. The 
plates were incubated for 2 h at 37° in humid chamber followed by 
incubation in refrigerator for 72 h. For staining the gel was washed 
thoroughly with cold normal saline to remove extraneous protein and 
then with distilled water. 
The gel was dried at 37° and then stained with 1% 
Amidoschwarz in methanol for 30 seconds. Destaining was performed 
mechanically with 1% v/v glacial acetic acid in methanol. 
B. COLOURIMETRIC ANALYSIS 
Assay of Invertase - Invertase activity was estimated using procedure 
described by Bernfeld (1955). The reaction mixture contained in a total 
volume of 0.3 ml, 150 ul of 0.2 M sodium aceta te buffer, pH ^.i, 
100 ul of suitably diluted enzyme solution and 50 ul of 0.5 M sucrose 
solution. The assays mixture was incubated at 37° for 10 min. and the 
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reaction was stopped by the addition of 0.2 ml of 0.5 M potassium 
phosphate buffer, pH 7.0 followed by incubation at 100° for 3 min. 
One ml dinitrosalicylic acid reagent was added to the reaction mixture 
and the tubes were incubated at room temperature for 5 min. After 
heating in boiling water-bath for 5 min. the tubes were cooled and 
3.0 ml distilled water was added to the reaction mixture. The intensity 
of colour was read at 5W nm. 
One unit of invertase is the amount that hydrolyzes 1.0 umoie 
of sucrose to glucose and fructose per 10 min. at 37°. 
Quantitative Estimation of Protein - The Protein was estimated using 
procedure described by Lowry et al (1951). A suitable aliquot of the 
protein sample was diluted to 1.0 ml with distilled water. To this was 
added 5.0 ml of freshly prepared copper reagent. The copper reagent 
was prepared by mixing 0.5% copper sulphate in 1% (w/v) sodium 
potassium tar tara te and 2% (w/v) sodium carbonate in 0.1 N NaOH, in 
1:50 ratio. After incubation for 10 min. at room temperature 0.5 ml 
of IN Folin's reagent was added. The contents were rapidly mixed and 
colour intensity read after 30 min. against a reagent blank at 660 nm. 
A standard curve prepared, using Bovine serum albumin was used to 
calculate the concentration of protein. 
Total Carbohydrate Estimation - The procedure described by Dubois 
(1956) was followed. Two millilitres of sugar solution containing 
between 10-70 ug of carbohydrate was pipetted into a coiourimetric 
tube and 0.05 ml of 80% phenol was added. This was followed by the 
addition of 5.0 ml concentrated sulphuric acid, the stream of acid being 
directed against the liquid surface rather than against the side of the 
test tube in order to obtain good mixing. The tubes were allov.'ed to 
stand for 10 min. and placed for 20 min. in a water bath at 30° 
before readings were taken. The colour was stable for several hours. 
The absorbance of the characterist ic yellow-orange colour was measured 
at 'fSO nm for quantitation of hexose content. 
Blanks were prepared by substituting distilled water for sugar 
solution and the amount of sugar quantitated by using glucose as 
standard. 
C. GEL FILTRATION AND ELECTROPHORESIS 
Sephadex Gel Filtration - Gel filtration was performed on Sephadex 
G-lOO column equilibrated with 0.2 M sodium acetate buffer, pH ^^ .8 
containing 0.02% sodium azide. Uniform packing of the column was 
ascertained by passing 0.2% (w/v) solution of Blue Dextran through the 
column. The void volume and packing was frequently checked during 
calibration of the column. Equilibrating buffer was drained off and 
5 ml of sample containing 50 mg of pepsin digested invertase was 
loaded with the help of an applicator. The stop cock was opened at a 
flow rate of 20 ml per hour and the sample was allowed to percolate 
down the gel. The column height above the gel bed was rinsed 
twice with the equilibrating buffer as the sample entered the geJ. 
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Finally the column was connected to a reservoir containing tlie 
equilibrating buffer. Three milliliter fractions were collected and they 
were analysed for protein concentration and carbohydrate content as 
already described. 
Polyacrylamide Gel Electrophoresis - PAGE was performed essentially 
according to the method of Laemmli (1970) using slab apparatus 
manufactured by Atto Co., Japan. Concentrated stock solutions were 
mixed in the appropriate order and proportions to give a final 
concentration of 5% acrylamide. It was then poured into the mould 
formed by two glass plates (7x9 cm) separated by 1.5 mm thick 
spacers. Bubbles and leaks were avoided. A comb, provided a 
template for 12 sample wells, was inserted into the stacking gel 
solution before polymerization began. When the polymerization was 
complete in about 30 mln. the comb was removed and wells were 
overlaid with the running buffer. Samples containing 8-10 ug of 
protein mixed with bromophenol blue, 10% sucrose and were applied to 
the wells of the slab gel. Electrophoresis was performed at 100 V 
till the tracking dye reached close to the bottom of the gel. After 
the electrophoresis was complete the gels were stained for 2-3 h for 
protein. The staining solution consisted of 0.1% coomassie brilliant blue 
R-250, in 10% acetic acid and W% methanol. Excess dye was removed 
by destaining the gels in 7% acetic acid in 10% methanoJ 
solution. 
RESULTS 
Effect of Antiinvertase Antiserum on Invertase Activity - To a series 
of tubes containing 0.1 ml of invertase in sodium aceta te buffer, 
pH tt.S, was added varying amounts of antiserum. The samples were 
made up to a final volume of 0.25 ml with the buffer and incubated at 
37° for ^ h. invertase samples were incubated with comparable amounts 
of serum of animal not immunized with invertase as control. As shown 
in Figure 1 addition of increasing amount of antiserum to the invertase 
samples resulted in a significant increase in the activity of the enzyme 
over that the samples that were not incubated with the antiserum. 
The activity of the invertase was stimulated by about 50% in the 
sample containing antiserum. In order to rule out the possibility of 
glucose present in the antiserum contributing to the observed stimulation 
in the invertase activity, serum samples were dialyzed and subsequently 
added to the invertase samples. The results were not affected by the 
dialysis of the antiserum and comparable activation of the enzyme was 
also observed in presence of dialyzed serum. 
Precipitation of Invertase by Antiinvertase Antiserum - The antiserum 
raised against the pure invertase produced precipitating antibodies as 
evident from the immunodiffusion studies. A single precipitin line 
was observed on immunodiffusion of invertase against the specific 
antiserum as shown in Figure 2 after overnight incubation. 
Figure 1. Effect of antiinvertase antiserum on the activity 
of invertase 
In a total volume of 0.3 ml 390 units 
of Invertase were incubated wltli 0-150 ul 
untreated rabbit serum (o) or antiinvertase 
antiserum (•). The tubes contained 200 mM 
sodium acetate buffer, pH 'f.S. The samples 
v^ere incubated for t^ h at 37°. Appropriate 
aliquots of the samples were analysed for 
invertase activity as described in the text. 
200F 
< 
^ 
o^ 
100 
100 150 
ANTISERUM (ul) 
17 
Figure 2. Invertase Oucterlony Immunodiffusion 
Anti invertase antiserum was raised in 
albino rabbits. The immunodiffusion was allowed 
between invertase and anti invertase antiserum in 
agarose gels as described in the text . The 
central well contained anti invertase antiserum 
while wells I , 2, 3 and 4 contained 10 ug, 
20 ug, 30 ug and 'fO ug puri f ied invertase. 

The antiinvertase antiserum was aJso capable of precipitating 
invertase from the solution very effectively. As shown in Figure 3 
addition of antiserum resulted in gradual disappearance of invertase 
activity from the supernatants. In the samples containing highest 
concentration of antiserum, the supernatant contains only barely 
detectable invertase activity. This experiment clearly demonstrates the 
formation of precipitating antibodies in the rabbits as a result of 
immunization with pure invertase. 
Properties of the Invertase-Antiinvertase Complex - Invertase solution in 
sodium aceta te buffer, pH ^.8 was mixed with adequate antiserum to 
cause complete precipitation of the enzyme. The complex was isolated 
by centrifugation and washed with the buffer several t imes. Most of 
the enzyme activity could be detected in the precipitate indicating very 
little inhibition of the enzyme. 
a) Effect of substrate concentration - When the invertase activity was 
measured as the function of substrate concentration a typical Michaelis 
Menten behaviour was observed both in case of native invertase and 
that in antibody complex (Figure 4). 
The Line weaver-Burk plot indicated that the km value of the 
immobilized enzyme was slightly decreased as compared to the native 
enzyme. The observed km value were 1^.2 uM for soluble preparation 
and 10.7 uM for immobilized preparation. 
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Figure 3. Precipitation of Invertase from solution by 
antiinvertase antiserum 
To a series of tubes containing 380 units 
of invertase and 0.02 M Trls HCl buffer, pH 7.0 
was added increasing amount of antiserum and 
the total vol. made upto 0.8 ml with the 
buffer. The tubes were incubated for 12 h at 
37°, centrifuged at 3000 rpm for 5 min. and 
the supernatants analysed for invertase activity by 
standard procedure. For the calculation of 
percent activity remaining in the supernatant 
invertase activity in the tube containing 380 units 
of invertase incubated without the antiserum 
under identical conditions was taken as hundred. 
100 200 300 
ANTISERUM {u l ) 
4 0 0 
20 
Figure 'f. Effect of substrate concentration on the activity 
of native invertase and invertase complexed with 
specific antibody 
Approximately '^ OO units of native 
invertase (o) was incubated in a series of tubes 
containing the standard assay mixture as detailed 
in the text. Invertase precipitated by the 
addition of excess antibody v/as isolated and 
comparable units of complexed preparation (•) 
was similarly incubated in a series of tube with 
increasing concentration of substrate. The tubes 
were incubated for 10 min. at 37° and the 
extent of the hydrolysis of sucrose was 
determined. Reciprocal concentration of velocity 
were plotted as a function of the reciprocal 
of substrate to obtain a characteristic 
Line weaver Bufk plot. The lines were 
extra-ploted to cut the X-axis in order to obtain 
the value of 1/km from which the km value was 
determined. 
— 
o 
2 
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b) Effect of Temperature - Invertase - antiinvertase complex as well as 
invertase bound to antiinvertase globulin coupled to Sepharose matrix 
were investigated for the thermal stability. Effect of cross-linl<ing with 
0.1% glutaraldehyde was also investigated. The complexes as well as 
native invertase were incubated at 60° for the indicated duration. As 
shown in Figure 5A compared to the soluble preparation, invertase 
complexed with the antibody exhibited far higher thermal stability and 
which was further enhanced by cross-linking. At the end of 3 h 
incubation the soluble preparation retained less than 10% of the initial 
activity whereas about 35% activity was retained by the invertase 
complexed with antiinvertase. The crosslinked preparation retained 70% 
of the initial enzyme activity. These studies clearly show that 
precipitates of the invertase obtained using specific antibodies, not only 
exhibited high amount of activity but also exhibit very high thermal 
stability especially on crosslinking (Figure 5A). Invertase immobilized on 
Sepharose matrix precoupled with Y-globuUns isolated from the sera of 
immunized rabbits also showed significant resistance to thermal 
inactivation than the soluble enzyme. The preparations were also 
further stabilized as a result of crosslinking with glutaraldehyde 
(Figure 5B). However, the extent of stabilization observed was higher 
in the preparation of invertase obtained by precipitation with the 
specific antibodies. 
Purification of Oligosaccharide Fraction of Invertase - Fifty milligram 
of native invertase was incubated with 2 mg pepsin at ^2° for 2^ h. 
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Figure. 5. Thermal inactivation of soluble and immobillEed 
invertase preparations 
Therma] stability of the invertase 
immobilized by complexing with antiinvertase 
antiserum (A) or by binding to Sepharose matrix 
precoupled with the "Y-globulin fraction of the 
specific antiserum (B) was determined by 
incubating the immobilized preparations treated 
with or without 0.1% glutaratdehyde, for various 
durations at 60°. Invertase activity was 
determined at the end of the t reatment under 
standard conditions. Native invertase was also 
subjected to identical t reatment as control. 
(o) native invertase, (•) immobilized invertae (*) 
cross-linked immobilized invertase. 
30 60 120 
TIME (min] 
180 
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Figure 6. Sephadex G-lOO Gel Filtration 
Fifty miligram of invertase dissolved 
in 5 ml of 0.2 M sodium aceta te buffer, pH 
4.8 was treated with 2 mg of pepsin at 
ii-2° for 2ii h. Sample was then loaded on 
Sephadex G-lOO column. Three milliliter 
fractions were collected at a rate of 25 ml/hr. 
The fractions were assayed for carbohydrate and 
protein as described In the text . 
(o)ujuo99 iv 3DN\faaosav 
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Figure 7. Effect of Oligosaccharide on the Precipitation of 
invertase by antiinvertase antiserum 
The oligosaccharide fractions were 
isoJated from the pepsin digested invertase as 
described in the text . To a series of tubes 
containing approximately ^i-OO units of invertase 
was added increasing amounts of antiserum (o). 
In addition the test samples (•) contained the 
oligosaccharide corresponding to the approximately 
80 ugm of carbohydrate. The samples were 
incubated with 0 to 300 ul of antisera in a total 
volume of 0.8 ml. The samples contained 0.02 M 
Tris HCl buffer, pH 7.0. The samples were 
incubated for 12 h at 37°, centrifuged at 
2000 rpm and invertase activity in the 
supernatant was measured. 
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Figure 8. Effect of oligosaccharide concentration on the 
precipitation of invertase by the antiinvertase 
antiserum. 
In a total volume of 0.8 ml 
approximately 390 units of invertase was 
incubated with 0-80 ugm of the oligosaccharide 
and 0.2 ml of antiinvertase antiserum. These 
samples were incubated for 12 h at 37° 
centrifuged and activity in the supernatant 
increased. The activity of invertase in the 
sample containing no oligosaccharide was taken as 
hundred for the determination of percent activity 
in the samples containing various amounts of 
oligosaccharide. 
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This sample was then passed through a column of Sephadex G-100. 
Fractions were analysed for protein and carbohydrate. Pepsin treatment 
resulted in marked decrease in both carbohydrate and protein eluting at 
the position of invertase. However a small molecular weight 
carbohydrate peak representing the oligosaccharide (not detectable 
by the Lowry's reagent) was present in the pepsin treated preparation. 
The fraction gave positive test with TNBS and ninhydrin as shown in 
Figure 6. In addition the phenol-sulfuric positive material was strongly 
bound to Con A-Sepharose suggesting the presence of carbohydrate. 
Effect of Oligosaccharides on Invertase Antlinvertase Interaction - In 
order to observe the effect of oliosaccharide on the invertase-
antiinvertase interactions, varying amounts of antisera were added to a 
fixed amount of invertase in presence/absence of the oligosaccharide. 
After overnight incubation the tubes were centrifuged and supernatant 
analyzed for enzyme activity. Figure 7 shows the effect of 
oligosaccharide on the invertase precipitation by the antibodies. At the 
highest concentration of the antiserum added only about +^0% of the 
invertase was precipitated. This clearly shows a competition between 
oligosaccharide and invertase for binding to the antibody. The ability 
of the oligosaccharide to restrict the binding of invertase to the 
specific antibody is also evident from Figure 8. A glycopeptide 
concentration dependent decrease in precipitate formed as a result of 
interaction of invertase with the antiserum is clearly evident. 
DISCUSSION 
1 ^ ^ 
In view of the potent ial of invertase in the large scale 
production of invert sugar and high fructose syrups, nunnerous attempts 
have been made and stabil ize the enzyme and improve its reusabil ity. 
A large number of procedures describing the immobi l izat ion of invertase 
derived f rom yeast wi th varying degrees of stabil ization have been 
reported (Woodward and Wiseman, 1978; Hartmeier, 1981; D'souza and 
Nadkarni, 1980; Hahn-Hagerdal, 1983; Kierstan and Bucks, 1977). In 
view of the high carbohydrate content of enzyme however procedures 
involving covalent coupling to the solid supports have not been 
successful (Hsiao and Royer, 1979). Taking this into consideration 
strategies in which carbohydrates fo rm a point of attachment between 
enzyme and the supports have been worked out. Studies conducted in 
this laboratory on invertase include successful immobil ization on 
Con A-Sepharose (Iqbal and Saleemuddin, 1983) and as Con A-lnvertase 
complex (Husain, et_ ah, 1985). In the later study alginate beads 
containing Con A-invertase complexes cross-linked with glutaraldehyde 
were successfully packed into a laboratory scale column reactor and 
operated for several weeks wi th l i t t l e loss in enzyme act iv i ty . Work 
presented in this dissertation describes a strategy involving the use of 
anti invertase antibody as support for invertase immobi l izat ion. 
Polyclonal antibodies formed in animals in response to enzyme 
administrat ion usually comprise of mixtures which may completely or 
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partially inhibit enzyme activity (Arnon, 1967; Branster and Cinader, 
1961) or may have no effect on enzyme activity (Cinader, 1967; 
Michaeli et a\_., 1969), augment enzyme activity (Okada ejt si|., 1963; 
Pollock, 196^; Pollock £ t al_., 1978; Suzuki et_ al_,, 1969; Zyk and Citri, 
1968) stabilize an enzyme to heat or alkali (Feinstein £t al., 1971; 
Michaeli £t_ ^ . , 1969; Van Vunakis et_ ^ . , 1963) or reverse heat 
denaturation and restore enzymatic activity (Michaeli £ t a|., 1969). 
Thus, antiserum of the immunized animal may contain mixtures of 
inhibiting/activating/stabilizing antibodies and separation of these is 
extremely difficult. The use of monoclonal antibodies for the 
stabilization of enzyme have been envisaged. Solomon et a\_ (1986) 
described the preparation of the highly active immobilized 
carboxypeptidase A preparation using a monoclonal antibody that bound 
the enzyme with high affinity without affecting its catalytic activity. 
The covalent binding of the monoclonal antibody to Eupergit C or its 
non-covalent binding to Sepharose-protein A which reacted specifically 
with carboxypeptidase A, gave immobilized preparations displaying full 
catalytic activity and high stability. However, taking into consideration 
the present state of technology, production of monoclonal antibody is 
far more expensive and large scale production of such antibodies for 
industrial purposes is not feasible. 
Glycosyl residues of most glycoenzymes are not involved in 
their catalytic function (Pazur et_ aL, 1970; Chu et_ af., 1978; Shenoy 
et al., 1985) and in most cases they may not be located in the 
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proximity of the catalytic site. Antibodies recognizing the glycosyl 
residues would therefore be expected to be non-inhibitory. Technology 
for the production of antibodies against the glycosyl residues of proteins 
and enzymes is fairly well developed (Ten Feizi and Robert, 1987). 
In view of the fact more than 50% of invertase consists of 
carbohydrate (Trimble and Maley, 1977) which may mask the polypeptide 
antigenic determinants, it was considered worthwhile to see if the 
polyclonal antibodies raised against this enzyme have the ability to bind 
the enzyme without affecting its catalytic function and possibly confer 
to additional stability to the enzyme. 
The antiserum raised against the invertase as shown in 
Figure I appear to stimulate the activity of enzyme significantly. Such 
stimulation in the activity of other enzymes has already been reported 
(Okada et_ aL, 1963; Pollock, 196't; Pollock e^ ^ . , 1967; Feinstein 
et aj_., 1971) and may be related to the "fixation" of enzyme in the 
active conformation by the antibody. 
As shown in Figure 2 and 3 the antiserum of the immunized 
animal contains precipitating antibodies that could quantitatively 
insolubilize the invertase activity from the solution. The invertase in 
the antibody complex was apparently freely accessible to the substrate 
as evident by the km values which were in fact slightly lower than 
that of the native invertase (Figure 'f). Evidently sucrose presumably 
of its low molecular weight is capable of penetrating into the 
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complexes and hence susceptible to the inversion by the enzyme. While 
most enzymes exhibit increased km value on immobilization (Zaborsky, 
1973), some instances reporting decrease in km values are also 
available (Veith and Venkatasubramanian, 1973; Ramesh and Singh, 1980). 
We have however no clear explanation for this apparent slight decrease 
in km observed in studies. 
Invertase activity was quite stable in the antibody complexes to 
heat denaturation as shown in Figure 5A. The invertase activity 
retained by the antiinvertase invertase complex after exposure to 60° 
was far higher than that of the native enzyme. The stability was 
further improved by cross - linking with glutaraldehyde. Although the 
cross-linking resulted in 38% inactivation, the stabilization achieved was 
highly significant. Similar effects on the stabilization of invertase by 
complexing with Con A have already been reported (Husain et^  £l_., 1985). 
The extent of stabilization achieved both in the cross-linked and 
uncross-linked preparations were greater in the Con A complexes. 
The preparation obtained by binding of the invertase to the 
globulin fractions derived from the sera of immunized animal also 
exhibited high activity and marked stability and the preparation could 
also be further stabilized by crosslinking (Figure 5B). However the 
extent of stabilization achieved with or without crosslinking of the 
preparation was not as high as that of the antiinvertase complex. 
This may be related to stabilization of the active conformation of 
enzyme due to the formation of the three dimensional net work of 
antigen-antibody complex. I t has been demonstrated in several studies 
that immobi l izat ion of the enzyme by mult iple points attachment 
increases the stabi l i ty by decreasing the abi l i ty of the enzyme 
molecules to unfold (Iqbal and Saleemuddin, 1983; Monson and Combes, 
1988). 
Although studies conducted on the characterization of the 
nature of antibodies are not conclusive, they strongly suggest that 
antiserum contains antibodies that recognise the glycosyl residues of 
invertase. In the presence of the oligosaccharide isolated by extensive 
proteolysis of invertase (Figure 6), the quantity of antibodies required to 
completely insolubilize or precipi tated invertase was far more than that 
observed in the samples lacking the oligosaccharide (Figure 7). Similarly 
a oligosaccharide concentration dependent decrease in the precipitat ion 
of invertase f rom the solution by the antiserum was also observed 
(Figure 8). Although these studies do not suggest the absence of 
antibodies that recognise polypeptide determinants they strongly show 
that a very signif icant f ract ion of antibody recognise the glycosyl 
residues. Further work is in progress to characterize if the antibody 
population present in the antiserum of rabbit contains exclusively 
carbohydrate recognising antibodies. 
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SUMMARY 
A strategy to stabil ize glycoenzymes using specific polyclonal 
antibodies was worked out using invertase as the model glycoenzyme. 
Rabbits were innmunized wi th pure invertase with alum as adjuvant. 
The abi l i ty of the antiserum to stabil ize invertase was investigated. 
On immunodiffusion a single precipi t in line was observed 
indicating homogeneity of the injected invertase. The abil i ty of the 
antiserum to precipi tate enzyme f rom the solution was also evident f rom 
the experiments in which antiserum concentration dependent 
disappearance of soluble invertase was clearly observed. At higher 
concentration of the antiserum essentially al l invertase was insolubilised 
and only traces of enzyme act iv i ty was detected in the supernatant. 
The antiserum also exhibited abi l i ty to st imulate enzyme act iv i ty and 
about 50% increase in the invertase act iv i ty resulted and invertase 
was incubated wi th high concentration of antiserum. Enzyme incubated 
without the antiserum or wi th the serum of non-immunized animals did 
not show any st imulat ing e f fec t . 
Invertase was freely accessible to the substrate when complexed 
wi th the antiserum. The km of invertase showed a slight decrease as a 
result of complexing with the antiserum. The antibody invertase 
complex exhibited remarkable stabi l i ty to heat denaturation as compared 
to native enzyme that retained only 10% of the in i t ia l act iv i ty after 
incubation for 180 min. at 60°. The enzyme complexed wi th the 
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antibody retained over 70% enzyme activity. The stability of the 
compiexed preparation increased very significantly on treatment with 
0.1% giutaraldehyde. Significant stabilization but of some what lower 
magnitude was observed when invertase was immobilised on Sepharose 
matrix precoupled with Y -globulin fraction isolated from immune 
serum. The stability of the preparation was also enhanced significantly 
as a result of t reatment with giutaraldehyde. Oligosaccharides of 
invertase were isolated by exhaustive proteolysis of native invertase. 
The major peak giving positive phenol-sulphuric test as well as 
ninhydrin and TNBS reaction but not Lowry's reaction was isolated after 
passing the proteolysed invertase through Sephadex G-lOO column. The 
fraction representing oligosaccharide exhibited high affinity and bound 
tightly to immobilized Con A. The oligosaccharide fraction exhibited 
a remarkable ability to interfere with the formation of invertase-
antiinvertase complex. An oligosaccharide concentration dependent 
decreases in the precipitation of invertase by the specific antiserum 
was also observed and at the highest concentration of antiserum 
investigated only about W% of the invertase was precipitated. Under 
identical conditions complete precipitation of invertase was evident in 
the samples that did not contain the oligosaccharide. These results 
suggest the presence of significant amount of antibodies in the 
antiserum that recognise the glycosyl residue of the enzyme. 
3k 
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